Risk factors associated with chronic otitis media (COM) and recurrent otitis media (ROM) have been investigated in previous studies. The objective of this study was to integrate the findings and determine the possible risk factors for COM/ROM based on our meta-analysis. A comprehensive search of electronic bibliographic databases (PubMed, Embase, CNKI and Wanfang database) from 1964 to Dec 2012, as well as a manual search of references of articles, was performed. A total of 2971 articles were searched, and 198 full-text articles were assessed for eligibility; 24 studies were eligible for this metaanalysis. Regarding risk factors for COM/ROM, there were two to nine different studies from which the odds ratios (ORs) could be pooled. The presence of allergy or atopy increased the risk of COM/ROM (OR, 1.36; 95% CI, 1.13-1.64; P = 0.001). An upper respiratory tract infection (URTI) significantly increased the risk of COM/ROM (OR, 6.59; 95% CI, 3.13-13.89; P, 0.00001). Snoring appeared to be a significant risk factor for COM/ROM (OR, 1.96; 95% CI, 1.78-2.16; P,0.00001). A patient history of acute otitis media (AOM)/ROM increased the risk of COM/ROM (OR, 11.13; 95% CI, 1.06-116.44; P = 0.04). Passive smoke significantly increased the risk of COM/ROM (OR, 1.39; 95% CI, 1.02-1.89 P = 0.04). Low social status appeared to be a risk factor for COM/ROM (OR, 3.82; 95% CI, 1.11-13.15; P = 0.03). Our meta-analysis identified reliable conclusions that allergy/atopy, URTI, snoring, previous history of AOM/ROM, Second-hand smoke and low social status are important risk factors for COM/ROM. Other unidentified risk factors need to be identified in further studies with critical criteria.
Introduction
Chronic otitis media (COM) and recurrent otitis media (ROM) are two of the most common infectious diseases worldwide. COM and ROM affect diverse cultural and racial groups that are distributed in both developing and industrialized countries. A cross-sectional study conducted in nine countries over three continents revealed that disease prevalence is significant enough to be considered for clinical practice [1] . COM/ROM can cause hearing impairment and speech delay. COM can cause both intracranial and extracranial complications [2] . Effective treatment of the diseases depends on a thorough understanding of the risk factors.
Risk factors associated significantly with COM/ROM include ethnicity [3] [4] [5] , genetic factors [6] , gender [7] , day-care center attendance [8] , breast-feeding [9] , and allergy/atopy [10] etc. as reported in previous studies. However, many of the reported studies were difficult to compare because they lacked clear case definitions, standard diagnostic criteria or control groups to evaluate the potential study biases. We conducted a meta-analysis of all available published data and qualified studies that investigated the potential risk factors for COM/ROM to clarify and propose possible means of treatment of the disease.
Materials and Methods

Study Identification
A literature search was conducted manually according to the search strategy (Text S1) to evaluate the risk factors for COM/ ROM. We searched for the articles published in Pubmed, Embase, WanFang data (http://www.wanfangdata.com.cn/) and China National Knowledge infrastructure (CNKI) database (http://dlib. edu.cnki.net/kns50/). Articles from 1964 to Dec 2012 were included in the search. The search was limited to humans and performed with no language restrictions. Reference lists of the relevant original and reviewed articles were evaluated to identify additional studies. We used controlled vocabularies (Explosion mapped searches of MeSH terms or Emtree thesaurus terms) and text words for chronic otitis media, recurrent otitis media, middle ear cholesteatoma, and mastoiditis. Concepts related to ''Otitis media'' with the subheadings of congenital, epidemiology, genetics, immunology, microbiology and virology for all Mesh terms in PubMed were reviewed. Areas of focus that were chosen for otitis media in Embase were genetics, immunology and hematology, microbiology, otorhinolaryngology, pediatrics and public health. Furthermore, terms indicating risks, such as ''risk factors'', ''probability'', ''odds ratio'', ''risk assessment'', ''causality'', ''epidemiologic factors'', ''epidemiology'', ''epidemiologic studies'', ''multivariate analysis'', ''logistic models'' and their entry terms were also included (see Text S1). Overall, 2547 papers were retrieved from Pubmed, 479 papers were retrieved from Embase, 116 papers were retrieved from CNKI and 10 were retrieved from Wanfang. A total of 151 additional records were retrieved from the manual reference search of the related articles. The workflow of this study follows guidelines by the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) Statement [11] (Figure 1 ).
Definition of COM/ROM
The diagnosis criteria of COM/ROM was described in individual studies, which included case history, physical examination and other examinations such as tympanogram, microscopic otoscopy or tympanostomy tube insertions ( Table 1) . The abbreviation COM includes the types of chronic suppurative otitis media (CSOM) and chronic otitis media with effusion (COME). Chronic otitis media with cholesteatoma was not excluded from the COM definition, although no study involving that type was eligible for our meta-analysis.
Study Selection and Quality
We included the study of the prospective cohort, case-cohort, and nested case-control design, case control or nested case-control, retrospective case-control, and cross-sectional studies. The publications included were required to meet the following criteria:
(1) Inclusion of human subjects (2) Clear definitions of COM/ROM and estimation of the association of the relative risks (hazard ration, risk factors) of COM/ROM; (3) The numbers for both controls and COM/ROM cases; (4) Sufficient data are to determine the odds ratio (OR) with 95% confidence intervals (CIs). We excluded descriptive studies, case reports, case series, reviews, letters, commentaries, and studies on the pathogenesis and treatment of COM/ROM. We excluded repeated reports with a small number of participants and these data were included in large studies mentioned above. We excluded the studies of recurrent acute otitis media, congenital cholesteatoma and unclassified OM. Inclusion discrepancy was resolved in joint discussions by the investigators. We appraised the quality of the studies, focusing on the selection of cohorts and assessment of the outcomes.
Data Extraction
Two investigators, (Yan Zhang and Jin Zhang) independently extracted and registered the data from the eligible publications. The following data from each article was extracted: author, year of publication, risk factor, type of otitis media, study type, age/years of participants, study duration, number of cases, number of controls, total sample size, study location, ethnic group and diagnostic criteria for COM/ROM. All disagreements were resolved through group discussion.
Statistical Analysis
The meta-analysis was processed using Review Manager 5.1, version: 5.1.6. We estimated the odds ratios (ORs) and 95% confidence intervals (CIs), and the statistical heterogeneity of the studies was assessed before combining the results. Estimates of the risk factors were pooled using a random effects model [12] . Inconsistency of the studies was quantified by using the I 2 statistic, which describes heterogeneity across studies. I 2 values of ,25% and .50% reflects low and high heterogeneity, respectively [13] . A sensitivity analysis was performed by calculating the outcomes after a single study was omitted in each turn. Finally, publication bias was assessed by performing funnel plots [14] (see Figure S1 ).
Results
Literature Search and Study Selection
Of the total 2971 relevant references identified, 198 articles were considered potentially relevant. The excluded references that were considered irrelevant included reviews, letters, commentaries, studies on pathogenesis, pathologies, and treatment, and microbiological studies. A total of 103 case control or cohort studies examined the risk factors of COM/ROM, and 79 studies failed to meet the inclusion criteria for the following reasons: unclear definition of COM/ROM, no classification of OM, no control groups, and inadequate data for abstraction. For repeated studies, we retained the one with the larger sample size. Figure 1 shows the selection flow for this meta-analysis; 24 independent studies met all of the inclusion criteria [8, . The characteristics of the included studies are summarized in Table 1 .
Pooled Analysis of Risk Factors
Pooled data from 7 studies indicated the presence of allergy or atopy and increased the risk of COM/ROM (OR, 1.36; 95% CI, 1.13-1.64; P = 0.001). A total of four studies investigated the association between upper respiratory tract infection (URTI) and COM/ROM, which includes the presence of cough or rhinorrhea or nasal stuffiness or sore throat or adenoiditis/adenoid hypertrophy. Pooled data from these showed that URTI significantly increased the risk of COM/ROM (OR, 6.59; 95% CI, 3.13-13.89; P,0.00001). A total of two studies showed that snoring appeared to be a significant risk factor for COM/ROM (OR, 1.96; 95% CI, 1.78-2.16; P,0.00001). Pooled data from two studies revealed that a patient history of AOM/ROM increased the risk of COM/ROM (OR, 11.13; 95% CI, 1.06-116.44; P = 0.04); nine studies investigated parental smoking, exposure to smoking at home and other smokers residing in the same household of frequent visitors. Pooled data showed Second-hand smoke, including the conditions above, increased the risk of COM/ROM (OR, 1.39; 95% CI, 1.02-1.89 P = 0.04). Pooled data from two studies showed low social status as an increased risk factor of COM/ROM (OR, 3.82; 95% CI, 1.11-13.15; P = 0.03).
The factors that were determined to not be significantly associated with increased risk included chronic nasal obstruction (OR, 1.19; 95% CI, 0.84-1.69; P = 0.34), male sex (OR, 1.24; 95% CI, 0.99-1.54; P = 0.06), attending day-care centers (OR, 1.70; 95% CI, 0.95-3.05; P = 0.07), family history of otitis media (OR, 1.40; 95% CI, 0.86-2.28; P = 0.18), low education of the mother (OR, 1.68; 95% CI, 0.32-8.68; P = 0.54), mother's smoking during pregnancy (OR, 2.34; 95% CI, 0.64-8.54; P = 0.20), larger families and more siblings (OR, 1.57; 95% CI, 0.93-2.63; P = 0.09). Pooled data revealed that an association between breast-feeding .6 months and COM/ROM was not statistically significant (OR, 0.57; 95% CI, 0.17-1.93; P = 0.36), neither was an association between breast feeding (yes/no) and COM/ROM (OR, 0.91; 95% CI, 0.47-1.79; P = 0.79). Pooled risk factors for COM/ROM are summarized in Table 2 and Figure S2 .
Other risk factor investigations for COM/ROM included in our eligible studies included HLA frequencies [27] , nutritional factors [18] , medication use during pregnancy [20] , ethnicities of Greenland [25] , White [8] , African American [22] , properdin deficiency [36] , indoor cooking [31] , pharyngeal reflux [28] , overweight status [32] , older siblings [38] , dietary history [18] , serum retinol [30] , genome scan for loci of 10q and 19q [17] , and?Surfactant protein-A gene locus [33] . Unfortunately, only one research group reported each risk factor above, which made the data unavailable. There was an association between gestational age and COM/ROM from two research groups [19, 29] , but birth weight and COM/ROM from these groups applied different criteria and made it impossible to combine the data.
Discussion
COM/ROM is a disease with different possible etiologies. Using a meta-analysis design applying strict diagnostic and inclusion criteria, we performed a reliable study to investigate the risk factors associated with the disease. This study is to the best of our knowledge the first meta-analysis investigating the risk factors for COM/ROM. There are two published studies on the risk factors and etiology of AOM [39, 40] .
Allergy or atopy is a significant risk factor for COM/ROM. Indoor allergens and respiratory allergies such as allergic rhinitis contribute to the onset of COM/ROM. The prevalence of atopic conditions, including allergic rhinitis in patients with COM/ROM ranges from 24% to 89% [41] . New evidence from cellular biology and immunology explained allergy as a cause for Eustachian tube (ET) obstruction [42] . People with allergic or atopic conditions are more likely to suffer from COM/ROM.
Upper respiratory tract infection (URTI), which includes the presence of cough or rhinorrhea or sore throat, was indicated as a significant prognostic factor for COM/ROM. Studies support that the mucosal condition of ET could be affected by URTI [43] . A preceding or concurrent viral URTI, as well as a poly-microbial disease is considered one of the risk factors for the onset of OM. Viral URTI promotes the replication of the bacterial infection and increases inflammation in the nasopharynx and ET [44] .
Snoring, defined as the presence of loud snoring at least three times per week, is a common symptom in children and is highly prevalent in children [45] . Eligible studies in this meta-analysis suggested that the risk for COM/ROM appeared to be related to the presence of snoring. Snoring is pathophysiologically determined by the size of the upper airway lymphadeniod tissue size [46] . The mechanism underlying snoring and COM/ROM appears to be increasing upper airway resistance as well as Eustachian tube dysfunction [22] . Early evaluation and intervention in children with loud snoring may prevent them from developing middle ear disease.
Previous history of AOM/ROM was studied as a predictive factor for COM/ROM. Subjects who experience episodes of AOM/ROM have an increased risk of developing chronic and recurrent middle ear infections.
Second-hand smoke has been reported to be associated with increased prevalence of middle ear disease [47] . In the metaanalysis of risk factors for acute otitis media, it was concluded that parental smoking increased the onset of acute middle ear infectious disease in children [39] . Our study drew the same conclusion about Second-hand smoking as a remarkable causative factor that contributes to the morbidity of COM/ROM. Several studies suggest that nicotine and other smoking products could make subjects more susceptible to ear infections and enhance the possibility of microorganism invasion to the middle ear. Smoke exposure could impair the mucociliary function of the ET, resulting in blockage of the nasopharyngeal airway [48] . Microorganism adherence to the epithelial cell surface and depression of local immune function were both investigated as the pathogenetic mechanism of the onset of middle ear disease caused by Secondhand smoking [49] . Effective methods should be urgently taken to decrease the prevalence of the smoke exposure.
The possibility that COM/ROM is associated with low social status has been debated for a long period of time [50] . Our data from two eligible studies considered the social prestige of professions and occupations, as well as income earnings of the parents. The statistical data revealed that patients with COM/ ROM were more often belonged to low socioeconomic conditions than the controls. Various reports concerning this hazard originated from poor housing, environmental and occupational conditions [51, 52] .
Sex difference in otitis media risk has been estimated in various studies. Other than a conclusion that the male sex was more likely to suffer from acute otitis media in children [39] , our study failed to find any significance in the difference between male and female morbidity of COM/ROM. Breast-feeding is believed to provide antimicrobial, antiinflammatory, and immunomodulatory agents that contribute to an optimal immune system [53] . The relative contribution of breast-feeding to preventing middle ear infection otitis media risk has been reported in numerous studies [54] [55] [56] . It is reported that breast-feeding, even for only 3 months, could decrease the risk for acute otitis media in children [39] . However, patients with COM/ ROM did not differ from the control group in this respect in our study. The study for preventative effects of breast-feeding over 6 months failed to find statistical significance within the control group. Even without any breast-feeding, the impact on the incidence of COM/ROM appeared to be unremarkable in our meta-analysis.
Day-care center attendance could increase the risk of children's exposure to respiratory pathogens. It has been reported to be a significant risk factor for acute respiratory infectious disease in children [39, 52, 57] . However, this was not consistent with some other studies [58] . In this meta-analysis, no association was found between COM/ROM and day-care center attendance.
The causal relationship between other factors, which include chronic nasal obstruction, family history of otitis media, mother's smoking during pregnancy and COM/ROM is not completely established. Association between larger families and more siblings with COM/ROM was not statistically significant.
Genetic predisposition is considered to be an important prognostic factor that could influence the risk of otitis media. Previous candidate gene studies associated a number of immune system genes with otitis media, which included TNF-a, IL-6, IL-10, Tlr4, surfactant, CD14, FccRIIa, IFNc, Eya4, p73, MyD88, Fas, E2f4, Plg, Fbxo11, and Evi1 [59] . Other genetic predispositions include HLA frequencies and properdin deficiency. Unfortunately, eligible studies included in our meta-analysis investigated single gene defects in each study, which made it impossible to pool the data and make a conclusion.
Similar to risk factors for genetic predisposition, other risk factors for COM/ROM prevented the data from being pooled in our eligible studies; these include nutritional factors, medication use during pregnancy, ethnicities of Greenland, White, African American, indoor cooking, pharyngeal reflux, and overweight status.
The association between gestational age and COM/ROM from the two groups [19, 29] , birth weight and COM/ROM from the same groups applied different criteria and thus made it impossible to combine the data.
We noticed that the risk factors of sex, attending day-care centers, large families and more siblings have p-values of 0.06, 0.07 and 0.09, respectively. With the application of the 0.05 pvalue, which is the conventionally used criterion, no significance was found. Using a cut-off of 10% for significance may ameliorate this problem but could increase the risk of drawing a false positive conclusion (type I error) [13, 60] . However, these three risk factors should be at least considered as constituting a strong trend of risk factors for COM/ROM.
In judging the inconsistency of the studies, I 2 was applied to test heterogeneity. In our studies of no inconsistency (I 2 = 0) or low heterogeneity (I 2 ,25%), using either fixed or random effect models produced identical results and the same direction of effect. The random effect model was the standard approach for the studies of moderate to high I 2 values. Some analysts might try to reduce the heterogeneity by limiting the meta-analysis to a smaller more homogeneous study group. However, this could probably result in misleading conclusions if not performed with care or may limit the scope of the meta-analysis and essentially eliminates any useful information [61] . The random effect model, which was the available model to incorporate and evaluate sources of heterogeneity [12] , was applied in our study. In our meta-analysis, a limited number of included studies confined our attempts to divide the studies into subgroups. Sources of between-study heterogeneity could probably originate from different study designs, sample size in each individual study, incidence rates among unexposed, length of follow-up, and/or study qualities. In our sensitivity analysis, the observed directions and magnitudes of effects weren't changed significantly after a single study was randomly omitted in each turn.
A full understanding of the etiologic factors for COM/ROM could be beneficial for the treatment and prevention of the disease. Our study evaluates the risk factors by an objective scientific procedure, meta-analysis, to provide precise causal prophylaxis evidence. Meta-analysis is widely used in medical studies of randomized clinical trials, as well as etiologic factors of the disease. The controversy of meta-analysis is in the homogeneity of the studies. Dickersin and others noted that heterogeneity is not all that bad [62, 63] . It improves the generalizability of the metaanalysis results. The pooled estimates of odds ratios are valuable and important indicators for assessing the risk factors of a disease. The heterogeneity of risk factors is carefully estimated, and the results are cautiously interpreted in our study.
Conclusions
The risk factors for COM/ROM are closely interrelated. Our meta-analysis identified reliable conclusions that allergy/atopy, upper respiratory tract infection, snoring, previous history of AOM/ROM, Second-hand smoke, low social status are important risk factors for COM/ROM. Other unidentified risk factors investigated in single studies need possible repeated studies with critical criteria to be estimated properly. We suggest that the above COM/ROM risk factors be interfered effectively to prevent and decrease the onset of the disease. 
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